Peripheral mycotic aneurysm is a rare complication of infective endocarditis. We herein report the case of a 61-year-old man with a mycotic aneurysm in the left brachial artery, that appeared during treatment with antibiotics against infective endocarditis caused by Streptococcus sanguinis. After confirming the collateral blood flow on arteriography, we resected the aneurysm and performed valvuloplasty, annuloplasty and coronary artery bypass grafting. The patient has been in good condition without complications, such as motor dysfunction or neuropathy.
Introduction
A mycotic aneurysm (MA) is a localized, irreversible arterial dilatation caused by the destruction of the vessel wall due to infection. The term was first coined by Osler in 1885 (1) to describe an aneurysm that resulted from septic emboli originating from bacterial endocarditis, which continues to be one of the primary mechanisms (2, 3) . We experienced a rare case of a peripheral mycotic aneurysm that developed during treatment for infective endocarditis (IE).
Case Report
A 61-year-old man suffered from an intermittent fever and arthritis for two months. He had previously suffered from mitral valve regurgitation (MR) at 48 years of age and had undergone dental care, not including tooth extraction, without antibiotic prophylaxis four months before admission. On admission, the patient was provided medical treatment for hypertension and insignificant coronary artery diseases (CAD). His temperature was 37 , his pulse rate was 90 beats per minute and his blood pressure was 117/76 mmHg. A pansystolic murmur, grade 4/6, was heard loudest at the apex and there were Janeway's lesions on his right palm.
The laboratory findings revealed a white blood cell count of 13.5×10 9 cells/L, a hemoglobin level of 12.3 g/dL and a C-reactive protein level of 9.8 mg/dL (Table) . A transthoracic echocardiogram (TTE) revealed severe MR with mitral valve prolapse and two vegetative masses on the anterior and posterior mitral valve leaflets measuring 7 mm and 12 mm, respectively. All four sets of blood cultures grew Streptococcus sanguinis. The patient was diagnosed with IE, and the intravenous administration of ampicillin (2 g every four hours) and gentamicin (1 mg/kg every 12 hours) was started. The isolate was not highly resistant to gentamicin (MIC 8 mg/L). The trough and peak levels of gentamicin were 0.44 mg/L and 3.93 mg/L, respectively. The residual blood cultures performed during treatment were sterile. As to complications on admission, head magnetic resonance imaging (MRI), systemic computed tomography (CT) and ultrasonography revealed no evidence of acute infarction, bleeding or aneurysm.
One week after the initiation of treatment, the patient complained of moderate pain in his left palm and wrist, where Osler's lesions and erythema had newly appeared. The next day (day 8), a TTE revealed that the area of vegetation on the anterior mitral leaflet had disappeared. Initially, an ultrasound examination with Doppler sound showed a normal axial artery flow, which was followed by the appearance of a left radial aneurysm 10 days later on day 17. We diagnosed the aneurysm as a mycotic aneurysm which had enlarged to a maximum size of 17×16 mm ( Fig. 1, 2 ). Arteriography showed that the flow in the aneurysm had decreased; however, a bypass from the ulnar artery to the radial artery had developed (Fig. 3) . The antimicrobial therapy was changed to ceftriaxone due to a fear of the possibility for infusion phlebitis resulting from ampicillin, followed by the administration of panipenem betamipron (0.5 g every six hours) due to a drug eruption caused by ceftriaxone. On day 24, mitral valve perforation was observed on a transesophageal echocardiogram. On day 61, following resection of the aneurysm (Fig. 4) , mitral valvuloplasty, annuloplasty and coronary artery bypass grafting (CABG) were performed. The aneurysm measured 20×15 mm in size and contained mural thrombi. The histopathological findings revealed the formation of a pseudoaneurysm, that is, the blood vessel wall was being replaced by inflammatory fibrous granulation tissue and lymphoid cells (Fig. 5a, b) . The patient received additional panipenem betamipron for four weeks after surgery and was discharged. At one and a half years of postoperative follow-up, he was found to be in good condition with a preserved hand function. 
Discussion
The incidence of IE is approximately 1.7-6.2 cases/ 100,000 patients per year, the number of which has remained stable over the past two decades and may even be increasing (4) . IE is associated with various embolic complications caused by the dispersion of fragments of vegetation, infected tissue and / or sterile / infected intracardiac thrombi (5) . The proportion of cases of systemic embolism is 27-54%, with the intracranial arteries being the most commonly involved site (48-70%) (6-9). Usually, embolization develops during the first two weeks of therapy. Heiro et al. reported that 76% of episodes occur before the start of antimicrobial therapy (10) . Once adequate antibiotic therapy is initiated, the risk markedly decreases within two to three weeks (11) . In the present case, Janeway's lesions and Osler's nodes appeared on the patient's left palm after the initiation of antibiotics and were followed by the appearance of mild pain and redness at the radial site of the left wrist. Initially, there were no findings of vasculitis on ultrasonography; however, the disappearance of an area of vegetation suggested the occurrence of embolization, and the aneurysm appeared on a later day.
Arterial infection leading to MA involves four mechanisms: the dispersion of emboli of infective endocarditis, infection of a preexisting aneurysm, direct or lymphatic contiguous spread from local infection or a purulent focus and direct bacterial inoculation at the time of trauma, such as penetrating injury or vascular procedures (12) . As to the site of aneurysm formation, the most common site is the aorta (over 20%), while the frequency of formation in the upper extremities is less than 10%. Leon et al. reviewed 148 cases of infected upper extremity aneurysms in 74 papers published between 1950 and 2007 (13) . Among 33 forearm arterial cases, the mean patient age was 63.6 (range 38-80) years, and the size of the aneurysms ranged from 4 mm to 10 cm in maximal diameter. Most cases were associated with infected arterial catheters (28 cases), followed by endocarditis (three cases), direct trauma (one case), and unknown (one case). The most common organisms were Staphylococcus aureus (20; including four cases of MRSA) and Staphylococcus epidermidis (three cases), followed by Streptococcus species, Enterobacter cloacae and Coryneform bacteria.
The outcome of peripheral aneurysms is relatively better than that of intracranial or aortic aneurysms in general (14, 15) . Several case reports have documented the resolution of infected intracranial aneurysms measuring less than 10 mm in diameter with medical treatment alone (13); however, most peripheral aneurysms do not shrink spontaneously. In some case reports, the authors have described rapidly increased peripheral aneurysms causing compression neuropathy or rupture (16) and/or suppurative tenosynovitis in the finger due to the dispersion of septic emboli (17) . Therefore, surgical intervention is required, including ligation, excision and debridement. In addition, vascular reconstruction should be considered based on the situation. Assessing the blood flow on arteriography before performing the intervention is important due to arterial variations (18) .
The timing of surgery in this case is controversial. The risk of embolization is thought to be associated with the size of the area of vegetation (! 10 mm), particularly in cases of mitral valve or Staphylococcal endocarditis (19) . We considered performing early surgery on admission; however, the procedure was postponed because the patient had severe periodontitis with abscess formation and required dental extractions, which was a risk factor for reinfection of the prosthetic valve. Unfortunately, embolization and MA formation on the patient's left wrist occurred on day 7, although there were no additional symptoms of embolization, including occult hematuria. Steckelberg et al. reported that the presence of vegetation is not associated with a significantly higher risk of embolism in patients with left-sided native endocarditis (7.1/1,000 patient-days) than in patients without vegetation (4.9/1,000 patient-days) and that the rate of embolic events declines over time following the initiation of antibiotics (from 13 to 1.2/1,000 patient-days) (20) . The present patient's condition improved and he did not exhibit any further symptoms of embolization or heart failure, even after the detection of valve perforation. In cases of IE complicated by MA, performing simultaneous surgery is recommended to prevent reinfection. The current patient also suffered from ischemic heart diseases and ultimately underwent simultaneous valvuloplasty, annuloplasty, CABG and resection of the MA. This timing of the surgery prevented the need for replacement with a prosthetic valve, which is thought to lead to better outcomes in cases of mitral IE (21) .
It may have been possible to perform earlier surgery during the patient's course of treatment. However, it is quite important to evaluate a patient's total condition, including the cardiovascular status and collateral flow when treating cases of IE complicated by peripheral aneurysms.
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